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Abstract 
Differences of individual physiological parameters in warm-wet and hot-dry climates were analyzed in the paper, in which 
evaluation method of revised body characteristic index (RBCI) was also proposed. 60 subjects (30 males and 30 females) were 
chosen as samples to do the heat exposure experiment, including the climate conditions of 26ć-50% (control), 32ć-80% 
(warm-wet) and 40ć-30% (hot-dry) respectively, and the samples were asked to finish the required activity. During the 
experiment, the physiological indexes (skin temperature, rectal temperature, heart rate, limen of twoness and sweat) were 
measured every 10 minutes. Results showed that in the conditions of experiment climate, people with different habitus showed 
different physiological responses. Finally, a revised body characteristic index (RBCI) was proposed. 
© 2015 The Authors.Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
Hot-dry and warm-wet climates are typical extreme climates that people encounter during the existence and 
production which will have a significant impact on human psychological and physiological conditions. Many 
scholars have been engaged in researching the heat stress of human in hot and humid climate. The influences of  
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different heat loads on constabulary vigilance performance and cognitive ability have been studied [
1]. Researches about heat stress through heat exposure experiment have been made by many scholars [2,3,4]. 
Influences of heat stress on human cognitive ability have been analyzed [5,6](Hancock et al.2003; Tikusis et 
al.2005). Human’s movement ability will be improved through exercise in hot and cold climates [7]. An experiment 
on volunteers with different habitus and physique showed that individual differences were not the unique influence 
factor that had effect on body heat stress [8]. Somatotype and habitus parameters were taken into the control 
equation of dynamic temperature regulation model, which can better predict [9]. Thermal stress evaluation index had 
been studied by many scholars. Physiological strain index (PSI) [10] was based on rectal temperature and heart rate, 
which can predict body thermal stress online. Then more environment factors were considered such as dry-bulb 
temperature, relative humidity solar radiation and so on and environment thermal stress index (ESI) [11] was 
proposed. In year 2007, thermal work limit (TWL) was verified which is more appropriate than WBGT [12]. A 
method to evaluate skin humidity was proposed [13]. But most of the researches above mainly focus on the total 
samples, ignoring the effects of individual differences. A body characteristic index (BCI) [14] (that took individual 
differences into consideration was proposed, but the sample size of this experiment was only 20. Considering the 
above problems, a new heat exposure experiment was conducted in the paper. 
2. Methods 
2.1. Materials 
An environment chamber was used where the temperature and relative humidity can be pre-set with a 
programmable controller. In addition, man-machine interface and high reliability control system were also included 
in the environmental chamber. 
2.2. Experimental conditions 
The environmental and texting conditions in this experiment are described in table 1 and the texting intensity was 
realized by treadmill. 
Table 1. Experimental conditions. 
Temperature and humidity Exercise intensity 
26ć,50%˄WBGT=21.32ć˅ 
˄comfortable climate˅ 
medium exercise intensity˄3.5km/h˅ 
heavy exercise intensity˄5.5km/h˅ 
32ć,80%˄WBGT=30.06ć˅ 
˄warm-wet climate˅ 
medium exercise intensity˄3.5km/h˅ 
heavy exercise intensity˄5.5km/h˅ 
40ć,30%˄WBGT=30.3ć) 
˄hot-dry climate˅ 
medium exercise intensity˄3.5km/h˅ 
heavy exercise intensity˄5.5km/h˅ 
The WBGT value of warm-wet environment and hot-dry environment are approximately equal on the table above 
and the exercise intensity was set based on labour intensity classification in AGHI (ISO1990). 
2.3. Experimental parameters and equipment 
Parameters were divided into two categories, including basic parameters and physiological parameters. The basic 
parameters are height, weight, body surface area, skinfold thickness, maximum oxygen consumption, etc. The 
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physiological parameters include pulmonary ventilation, oxygen consumption, respiratory rate, energy metabolic 
rate, heart rate, sweating, rectal temperature, skin temperature, etc. Measuring devices are described in table 2. 
Table 2. Experimental devices. 
Device name parameters Measuring range accuracy 
Treadmill Exercise intensity; VO2max ------ ------ 
Tape Height 0~220cm ±1mm 
Weighing- machine Naked-weight 0~150kg  ±10g Sweat (SL)   
Alipers Skinfold thickness(Ts) 0~70mm ±0.02mm 
Powerlab 
physiological 
recorder 
Heart rate (HR) 
------ ------- 
Pulmonary ventilation volume 
Respiratory rate 
VO2max 
Energy metabolism 
Skin temperature(Tsk) 
Thermotron Rectal temperature(Tre) 32~42ć ±0.1ć 
2.4. Experimental process 
The experiment was divided into three stages, sample selection, basic information collection of the sample and 
testing stage. In sample selection stage, all samples must be healthy and have no disease. In addition, the sample size 
was controlled in 60, including 30 males and 30 females. Then the basic parameters were measured three times in 
three continuous days during the same period. In sample testing stage, conditions in chamber were in low wind 
velocity (0.2~0.3m/s) and not affected by solar radiation. The text time ranged from 60min to 120min. Prior to the 
experiment, samples needed to take a rest of 20 to 40min to keep the stability of all parameters. After entering the 
chamber, samples’ physiological parameters needed to be measured as the 0min value. And the parameters of breath, 
heart rate, skin temperature, core temperature and naked weight were measured every 10min. All samples were 
required to wear cotton vest, shorts and sport shoes and socks, and the clothing thermal resistance is about 0.20clo. 
The last stage is data analysis. The two thermal climates in this experiment are in different temperature and relative 
humidity, but with the same WBGT. Human have the same average energy metabolic rate level in same WBGT 
whereas the physiological reaction is different in different temperature and relative humidity. This paper focuses on 
the analysis of individual differences of physiological parameters in hot-dry and warm-wet climates. By analyzing 
the relationship between the physiological parameters variation and somatotype and habitus parameters, a revised 
body characteristic index was proposed in the paper. 
3. Results  
3.1. Analysis of habitus parameters and physiological parameters variation 
The oxygen consumption ability was applied to represent a person’s habitus condition. Based on the previous 
experience, maximum oxygen consumption VO2max and VO2max/mass are used to characterize habitus conditions of 
the samples and the following table shows Pearson correlation statistical analysis of the VO2max, VO2max/mass and 
variation of physiological parameters. 
 
Table 3. Pearson correlation statistical analysis of the VO2max, VO2max/mass and variations of physiological parameters. 
Experimental conditions Habitus parameters ᇞTre ᇞTsk ᇞHR SR 
Comfortable 
climate 
Medium intensity 
VO2max 0.284*,1 0.233 -0.232 0.525**,2 
VO2max/mass 0.361** 0.018 -0.42** 0.078 
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1 *significant correlationˈ0.01˘P≤0.05  
2 ** significant correlation, P≤0.01 
From table 3, it can be seen that correlations between ᇞTre and VO2max/mass, SR and VO2max are significant in 
every condition. Correlations between ᇞTre and VO2max exist in comfortable climate when taking medium intensity 
exercises and in hot-dry climate when taking heavy intensity exercises. The correlations between ᇞTsk and 
VO2max/mass are negative when taking heavy intensity exercises in warm-wet climate and hot-dry climate. And the 
correlations between ᇞHR and VO2max/mass are significantly negative when taking medium intensity exercises in 
conditions of comfortable climate and hot-dry climate. Correlations between ᇞHR and VO2max only exist in 
condition of comfortable climate when taking heavy intensity exercises. In conclusion, very significant correlations 
can be seen between SR and VO2max and correlations between ᇞTre and VO2max/mass are obvious, and in some 
conditions ᇞHR also has significant correlations with VO2max/mass. Thus, VO2max/mass will be one of the dependent 
values when proposing parameter RBCI. 
3.2. Analysis of somatotype parameters and physiological parameters variation 
Somatotype parameters include height, weight, body fat percentage, body surface area and so on. But all these 
parameters can’t reflect a person’s somatotype directly. Based on the previous experiences, parameters body surface 
area(BSA), ratio of body surface and weight (BSA/mass), body fat percentage (Fat%) and body mass index (BMI) 
etc. are used to describe a person’s somatotype. The results of Pearson correlation statistics analysis of these factors 
and physiological parameters variation are shown in table 4. 
Table 4. Pearson correlation statistics analysis of somatotype parameters and physiological parameters variations. 
Experimental conditions Somatotype parameters ᇞTre ᇞTsk ᇞHR SR 
Comfortable 
climate 
medium intensity 
BSA 0.167 0.204 -0.313* 0.547** 
BSA/mass 0.282* -0.311* 0.459** -0.649** 
Fat% -0.427** 0.373** 0.431** 0.087 
BMI -0.197 0.363** -0.161 0.639** 
heavy intensity 
BSA 0.076 0.157 -0.343** 0.569** 
BSA/mass 0.344** -0.128 0.270* -0.676** 
Fat% -0.345** 0.309* 0.368** 0.177 
BMI -0.135 0.185 -0.181 0.669** 
Warm-wet 
climate 
medium intensity 
BSA -0.275* 0.195 -0.178 0.572** 
BSA/mass 0.348* -0.245 0.376** -0.571** 
Fat% -0.290* 0.342** 0.380** 0.350** 
BMI -0.144 0.284* -0.123 0.545** 
heavy intensity 
BSA -0.123 0.012 -0.233 0.417** 
BSA/mass 0.315* -0.098 0.361** -0.439** 
Fat% 0.294* 0.327** 0.304* 0.239 
BMI -0.063 0.181 -0.047 0.436** 
Comfortable 
climate 
heavy  
intensity 
VO2max -0.023 0.01 -0.314* 0.551** 
VO2max/mass -0.510** -0.192 -0.15 0.092 
Warm-wet 
climate 
medium intensity 
VO2max -0.140 0.047 -0.153 0.470* 
VO2max/mass -0.327* -0.183 -0.024 0.011 
heavy  
intensity 
VO2max -0.170 -0.129 -0.245 0.442** 
VO2max/mass -0.444** -0.281* -0.165 0.130 
Hot-dry 
climate 
medium intensity 
VO2max -0.192 -0.178 -0.005 0.457** 
VO2max/mass -0.237 -0.175 -0.215* 0.068 
heavy  
intensity 
VO2max -0.147* -0.015 -0.077 0.510** 
VO2max/mass -0.260* -0.374** -0.095 0.134 
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Hot-dry 
climate 
medium intensity 
BSA -0.112 -0.120 -0.073 0.511** 
BSA/mass -0.333* 0.083 -0.215* -0.469** 
Fat% 0.324* 0.196 0.343** 0.253 
BMI 0.065 -0.036 0.106 0.420** 
heavy intensity 
BSA -0.318* 0.237 -0.041 0.504** 
BSA/mass -0.252* -0.261 0.353** -0.514** 
Fat% 0.303* 0.248 0.160 0.177 
BMI 0.109 0.234 -0.065 0.507** 
From table 4, it can be seen that in different conditions, correlations between physiological parameters variation 
and each somatotype parameter of samples are different. In all conditions, SR has significant differences with the 
other somatotype parameters expect Fat%. In comfortable climate, when taking medium intensity exercises, ᇞTre 
has significant positive correlations with BSA/mass but negative correlations with Fat%; ᇞTsk has a negative 
correlation with BSA/mass, and significant positive correlations with Fat% and BMI; ᇞHR has negative correlations 
with BSA, and significant positive correlations with BSA/mass and BMI; SR has significant correlations with BSA, 
BSA/mass and BMI; when taking heavy intensity exercises, significant positive correlations between ᇞTre and 
BSA/mass, ᇞTre and Fat%, ᇞTsk and Fat% exist; ᇞHR has  significant correlations with BSA, BSA/mass and Fat%. 
In warm-wet climate, when taking medium intensity exercises, ᇞTre has significant negative correlations with BSA 
and Fat% and has significant positive correlations with BSA/mass; ᇞTsk has significant positive correlations with 
Fat% and BMI; ᇞHR has significant correlations with BSA/mass and Fat%; when taking heavy intensity exercises, 
the correlations between ᇞTre and BSA/mass are significant, ᇞTre and Fat%. ᇞTsk has significant correlations with 
Fat%, and ᇞHR has significant correlations with BSA/mass and correlations with Fat%. In hot-dry climate, when 
taking medium intensity exercises, ᇞTre has significant correlations with BSA/mass and Fat%; correlations between 
ᇞHR and BSA/mass are significant and correlations between ᇞHR and Fat% are very significant; when taking 
heavy intensity exercises, ᇞTre has significant correlations with BSA, BSA/mass and Fat%; correlations between 
ᇞHR and BSA/mass are very significant. 
It can be concluded that sweat loss (SR) of samples has few correlations with Fat%, but significant correlations 
with other somatotype parameters. ᇞTre has significant correlations with BSA, BSA/mass and Fat%, and 
correlations with BSA/mass and Fat% are more significant. Thus BSA/mass and Fat% were selected as somatotype 
parameters factors when proposing the index RBCI. 
3.3. Correlation analysis of individual parameters 
Based on the analysis above, it can be seen that individual parameters VO2max/mass, BSA/mass and Fat% have 
high correlations with physiological parameters variation, especially with core temperature and heart rate variation. 
To eliminate the influence of the different intensities of labor, the sum of ᇞ Tre in medium and heavy intensity 
exercises and ᇞ HR in medium and heavy intensity exercises were analyzed. The correlations analysis between sum 
of ᇞ Tre and ᇞ HR in medium and heavy intensity exercises are showed in table 5, and to rule out the relationship 
among individual parameters, the relation between the individual parameters was also analyzed. 
Table 5. Correlations analysis of individual parameters. 
Climate 
 condition 
Physiological response VO2max VO2max/mass BSA BSA/mass Fat% BMI 
Comfortable 
ᇞTre(M+H) 0.136 -0.556** 0.137 0.478* -0.470* -0.202 
ᇞHR(M+H) -0.152 0.349* -0.413** 0.464* 0.628** -0.220 
Warm-wet 
ᇞTre(M+H) -0.238 -0.495* -0.237 0.626** -0.114 -0.172 
ᇞHR(M+H) -0.253 0.191 -0.260 0.432* 0.723** 0.074 
Hot-dry 
ᇞTre(M+H) -0.221 -0.602** -0.091 0.635** -0.279 0.094 
ᇞHR(M+H) -0.051 0.402* -0.039 0.308 0.501 0.036 
Individual VO2max  0.657** 0.760** -0.678** -0.252 0.572** 
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parameters VO2max/mass   0.051 0.060 -0.523 -0.109 
BSA    -0.863** -0.004 0.709** 
BSA/mass     -0.181 -0.957** 
Fat%      0.309* 
From table 5, it can be seen that in comfortable climate, ᇞ Tre(M+H) has significant positive correlations with 
BSA/mass and significant negative correlations with VO2max/mass and Fat% and more correlations with 
VO2max/mass. ᇞ HR(M+H) has significant negative correlations with BSA and more significant positive correlations 
with Fat%. In warm-wet climate, ᇞ Tre(M+H) has significant correlations with VO2max/mass and more significant 
correlations with BSA/mass and ᇞ HR(M+H) has significant correlations with BSA and more significant correlations 
with Fat%. In hot-dry climate, ᇞ Tre(M+H) has significant correlations with VO2max/mass and BSA/mass and 
ᇞ HR(M+H) has significant correlations with VO2max/mass and Fat%. Besides, BMI has significant correlations with 
VO2max, BSA, BSA/mass and Fat%, VO2max has significant correlations with the other parameters expect Fat% while 
VO2max/mass has no correlation with other parameters expect VO2max and BSA has significant correlations with 
BSA/mass and BMI. Based on the analysis above, VO2max/mass, BSA/mass and Fat% are selected as variable factors 
for RBCI. 
3.4. RBCI 
From the analysis above, revised weight coefficients of VO2max/mass, BSA/mass and Fat% in the models can be 
obtained through the method proposed by Havenith and van Middendorp [15]. 
For ᇞ Tre(M+H) model 
 
2max 2max
2max
/ ( / ) / mean( / ) % ( %)4.4 3.0 2.6
( / ) ( / ) ( %)
VO mass mean VO mass BSA mass BSA mass Fat mean FatRBCI
SD VO mass SD BSA mass SD Fat
             (1) 
 
For ᇞ HR(M+H) model 
 
2max 2max
2max
/ ( / ) / mean( / ) % ( %)1.4 2.9 5.7
( / ) ( / ) ( %)
VO mass mean VO mass BSA mass BSA mass Fat mean FatRBCI
SD VO mass SD BSA mass SD Fat
            (2) 
Compared with index BCI [14], it can be seen that in model ᇞTre(M+H) and ᇞHR(M+H), weight coefficient of 
BSA/mass changed little, but weight coefficients of VO2max/mass and Fat% changed much. For ᇞTre(M+H) model, 
weight coefficient of VO2max/mass decreased while weight coefficient of Fat% increased. For ᇞHR(M+H) model, 
weight coefficient of Fat% increased but weight coefficient of VO2max/mass decreased. 
4. Discussion 
The index of RBCI is the revise of index BCI [14] and it not only bases on large number of samples, but also 
replaces the oral temperature of original index with rectal temperature which is closer with human’s core 
temperature. Index RBCI is used to evaluate human’s thermal stress level more precisely. Index of RBCI evaluates 
thermal stress from the individual parameters of human body. Thermal stress can be calculated only by measuring 
the individual parameters of VO2max/mass, BSA/mass and Fat%, which is very simple and conve-nient. But index 
RBCI is concluded based on knowing of sample groups, so the individual level of thermal stress by the method of 
this index is only a relatively overall samples level whereas an absolute value. 
5. Conclusion 
This paper analyzed somatotype and habitus parameters of samples and classified them into four types: A. thin 
and strong; B. thin and weak; C. fat and strong; D. fat and weak. By analyzing the experimental data, it can be 
concluded that under the same WBGT, changes of physiological parameters of samples in hot-dry and warm- wet 
181 Shilei Lu et al. /  Procedia Engineering  121 ( 2015 )  175 – 181 
climates have significant differences. Thermal stress level of samples in hot-dry climate is apparently higher than in 
warm-wet climate. Variations of physiological parameters are different among four types of samples, but when the 
strength of experimental condition increase, all samples show a high level of thermal stress and the differences 
between each other decrease. Based on the BCI [14] evaluation model, index RBCI is obtained by increasing the 
number of samples and replacing the oral temperature with rectal temperature. This index can evaluate relative 
levels of thermal stress of human body in the process of heat exposure among larger group and the evaluation results 
are more precise. 
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